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(57) Abstract: The downlink transmit 
powers of base stations involved in a 
diversity handover communication with a 
mobile station are controlled to minimize 
base station power "drift". A downlink 
reference power lever is determined based 
an detected, current transmit power levels 
of the diversity handover base stations. One 
or more power offsets is determined for one 
or more of the base stations based on signal 
quality measurements made by the mobile 
station. The reference power level and power 
offsets) are used to selectively regulate and 
adjustment to the transmit power levels of 
he diversity handover base stations. The 
general reference power is transmitted at a 
first, relatively high frequency to the diversity 
handover base stations by embedding it in 
a user data' frame. In that way, the signal 
processing load is kept to a minimum despite 
the higher transmission rate. Individual 
power offsets are sent to associated individual 
base stations in a control signalling channel 
idendfying the one base station at a second 
frequency lower than the first frequency. The 
control channel signaling permits individual 
base station power offsets, but the lower 
frequency at which the offsets are transmitted 
reduces the associated signaling load. 
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DOWNLINK TRANSMIT POWER SYNCHRONIZATION 
DURING DIVERSITY COMMUNICATION WITH A MOBILE STATION 

FIELD OF THE INVENTION 

This invention relates to the control of power levels of transmitted signals in 
telecommunication systems, such as spread spectrum multiple access systems. In 
particular, it relates to control of transmit power levels of base stations involved in 
diversity communication with a mobile station. 

BACKGROUND AND SUMMARY OF THE INVENTION 

Transmit power control is important to communication systems having 
many simultaneous transmitters to reduce the mutual interference of such transmitters. It 
is particularly important in communication systems that use code division multiple access 
(CDMA) to obtain high system capacity. Power conirol is important for the uplink, i.e., 
for transmissions from a mobile station to the radio network including several base 
stations, and for the downlink, i.e., for transmissions from one or more base stations to a 
mobile station. 

Uplink power control may be provided by a closed-loop method where a 
base station measures the strength of a signal received from a mobile station and then 
periodically transmits one transmit power control (IPC) bit to the mobile station every 
certain time period, e.g., 1.25 milliseconds. Based on the received power control bit, the 
mobile station increases or decreases its transmit (uplink) power by a predeterrnined 
amount. On the downlink, one power control approach is for the mobile terminal to 
measure a received downlink power level from a base station and report the measurement 
back to the base station, which might adjust its transmit power in predetermined 
circumstances. 

Downlink power control in a system compliant with the IS-95-A standard is 
based on frame error rate (FER) measurements by the mobile station, which sends FER 
reports to the system. Sections 6.6.4.1.1 and 7.6.4.1.1 of the IS-95-A standard note that 
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such FER reports can be sent when a threshold has been crossed and/or periodically. 
Typically, an FER report may be sent every 1-5 seconds. One problem with this method is 
that it can take a long time (Le., several seconds) to accumulate the appropriate FER 
statistics. As a result, Rayleigh fading and shadow fading are not tracked. In fact, the IS- 
9 5- A method has proved to be so slow that it is usually does not provide much added 
benefit compared to not using downlink power control. 

Some personal communications systems (PCS) using CDMA are similar to 
the cellular IS-95 standard in that the mobile station reports downlink frame errors 
whenever they occur. This puts the radio network in control of frame errors, but it still 
takes a long time to accumulate the appropriate statistics. In other communication system 
concepts like the UMTS Code Division Testbed (CODIT), the signal quality is determined 
by estimating the raw bit error rate (BER) instead of the FER. Hence, good statistics can 
be obtained faster, and a mobile station sends BER reports to the network more often (i.e., 
1-10 times per second). System performance is improved in comparison to a system using 
downlink transmit power control according to the IS-95-A standard, but the CODIT 
method is still too slow to handle Rayleigh fading. 

The mobile terminal may also measure the downlink signal- to- interference 
ratio (SIR) of the signal received from the base station and transmit an appropriate power 
control command on the uplink back to the base station. Each power control command 
may be an uncoded, single bit in order to rninimize signaling overhead. Assuming a 
smaller frame length than that of IS:95-A, a bit rate of several hundred kilobits per second, 
a wider channel bandwidth of 5 MHZ, and a CDMA chip rate of four million chips per 
second, such a downlink power control approach tracks Rayleigh fading fairly well. 

The situation is more complicated if the mobile terminal is in a "soft* 
diversity handover mode. Soft handover is also called macrodiversity and describes a 
situation where the mobile terminal communicates with two or more base stations 
simultaneously. Soft handover is described in U.S. Patents No. 5,109,528 to Uddenfeldt 
and No. 5,327,577 to Uddenfeldt, both of which are incorporated here by reference. 
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When the mobile terminal is not in soft handover mode, the error rate of 
the uncoded power control commands should be small, e.g., about one percent, in normal 
transmission conditions. But the error rate of the uncoded downlink power control 
commands becomes a more serious problem when the mobile terminal is in soft handover. 
Because there are different paths or links between the mobile station and each of the 
handover base stations, and different conditions affect each of those paths, the errors 
impacting those commands vary across the radio links. These errors are typically 
independent so that different errors will likely differently impact the same command sent 
to each base station involved in the soft handover. A large number, e.g., 1500, of power 
control commands per second may be sent to two base stations involved in a soft 
handover in order to track rapid channels changes, e.g., Rayleigh fading. The result is that 
the average transmit powers of each of the base stations involved in the diversity handover 
may "drift" apart from where they should be. As a result, the commanded transmit power 
levels of the base stations drift apart to suboptimal levels from a system-capacity point of 
view. 

The lost capacity occurs because at least one of the base stations in 
communication with a mobile station in soft handover mode will transmit at a power level 
that is too high. The magnitude of the difference between one downlink power level and 
another downlink power level affects the system's capacity because one base station's 
transmissions look like interference to other base stations. In addition, the rate that each 
downlink power level drifts is important because faster rates usually require the control 
commands to be issued more frequently. Higher frequency control commands generally 
increase the messaging load that must be carried by the control links between the base 
stations BSl, BS2 and the RNC. 

Several ways to combat base station power drift include reducing the 
probability of transmit power control command errors by sending fewer such commands, 
increasing bit redundancy of the transmit power commands, or reducing the size of the 
power adjustment made at the bast station in response to each command. Unfortunately, 
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all of these approaches are not completely satisfactory because rapid changes in the radio 
channels are not tracked. 

Alternatively, the power drift may be reduced by increasing control signaling 
between the base stations via one or more radio network control nodes to synchronize the 
downlink transmit powers of those base stations. Namely, the power transmission level of 
each base station in the diversity handover is compared to a power reference or threshold 
common to all the base stations in the diversity handover. The difference between the 
transmit power of each base station and the reference power is used to correct the transmit 
power level of that base station. Because the power correction depends on the difference 
between the actual transmit power at the base station and the common reference power, 
the various transmit powers of the different base stations in the diversity handover 
converge relatively quickly. Thus, even if the transmit power command from the mobile 
station is received in error in one or more of the base stations, the power correction based 
on the comparison to the common reference power compensates for such errors. 

A disadvantage with this alternative is the increase in control signaling. This 
becomes even more of a problem the more frequently the reference power is updated. 
However, more frequent updates are desirable to track rapid channel changes. 

Another problem with this alternative is that updating a single reference 
power for all the soft handover base stations does not permit the flexibility to set different 
diversity handover power references for different base stations. For example, it may be 
desirable to set the reference power of a dominant or favored base station toa higher value 
than the other base stations involved in the diversity handover. 

The above problems are overcome by the present invention. It is an object 
of the present invention to provide both effective and flexible power control of the base 
stations involved in a macrodiversity transmission to a particular mobile station to 
minimize base station drift. It is a further object of the present invention to reduce 
signaling requirements between base stations involved in a macrodiversity transmission 
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and a radio network control node when adjusting the transmit power levels of the base 
stations. 

In the present invention, the downlink transmit powers of base stations 
involved in a diversity handover are controlled to rriiriirnize base station power "drift." A 
single.reference power level is determined based on detected transmit power levels of the 
base stations. A power offset is determined for one or more of the base stations based on 
signal quality measurements made by the mobile station. The reference power level and 
the power offset are used to regulate an adjustment to the respective transmit power levels 
of the base stations for the diversity handover communication. The reference power is 
embedded in the user data stream and transmitted at a relatively high frequency to all of 
the base stations in the diversity handover. The high frequency transmission of adjusted 
reference power from the radio network control node to the diversity handover base 
stations tracks rapid channel fluctuations and compensates for independent errors in 
frequently transmit power control (IPC) commands from the mobile station. In other 
words, the high frequency reference power adjustment ininimizes the "drift" between base 
station transmit powers. By embedding the adjusted reference power in the user data 
stream, the associated signaling load is kept to a minimum. 

Flexibility in reference power setting is achieved using a companion 
procedure. Individual power "offsets" from the frequently broadcast power reference are 
sent to associated individual base stations using selective signaling over a control channel. 
Control channel signaling, although more "costly" in terms of signalling overhead, allows a 
single base station to be directed with individual commands. Added signal processing 
overhead is kept to a minimum because the offsets are transmitted from the radio network 
control node at a lower frequency than the higher frequency at which the reference power 
is adjusted The control signaling permits individual addressing of the control frame to a 
specific base station or radio link rather than to all of the base stations or radio links 
involved in the diversity handover. 

The lower frequency, companion procedure provides the flexibility of 
setting different transmit power levels for different base stations involved in the diversity 
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handover using different offsets from the general reference power level established by the 
fast base station power synchronization procedure. This flexibility may be desirable in 
situations where one of the base stations is a favored or dominant base station in the 
communicauon. For example, the favored or dominant base station may transmit at a 
higher power level, while less favored/dominant base stations are set to transmit at lower 
power levels to reduce unnecessary interference, but still obtain the benefits associated 
with diversity handover. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features, and advantages of the invention 
will be apparent from the following description of preferred, non-limiting example 
embodiments, as well as illustrated in the accompanying drawings. The drawings are not 
necessarily to scale, emphasis instead being placed upon illustrating the principles of the 
invention. 

FIGURE 1 is a high level diagram of an example communication system in 
which the present invention may be employed; 

FIGURE 2 is a function block diagram of radio network controller in a base 
station illustrated in FIGURE 1; 

FIGURE 3 is a function block diagram illustrating a mobile station shown in 
FIGURE 1, as well as inner and outer power control loops in a mobile communications 

system; 

FIGURE 4A shows a "fast" downlink transmit power control diagram for 
two base stations involved in a diversity handover; 

FIGURE 4B is a signaling flow describing the signals shown in FGIURE 

4A; 



FIGURE 4C shows an example control frame that may be embedded in a 
user data stream; 
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FIGURE 5A shows a "slow" downlink transmit power control diagram for 
two base stations involved in a diversity handover, 

FIGURE 5B is a signaling flow describing the signals shown in FGIURE 

5A; 

FIGURE 5C shows an example control message thai may be sent over a 
control signaling channel in a control plane; and 

FIGURE 6 is a downlink power control routine for in accordance with one 
example, non-limiting embodiment of the present invention. 

DETAILED DESCRIPTION 

In the following description, for purposes of explanation and not limitation, 
specific details are set forth, such as particular embodiments, procedures, techniques, etc., 
in order to provide a thorough understanding of the present invention. However, it will be 
apparent to one skilled in the art that the present invention may be practiced in other 
embodiments that depart from these specific details. In other instances, detailer 
descriptions of well known methods, interfaces, devices and signaling techniques are 
omitted so as not to obscure the description of the present invention with unnecessary 
detail. 

A mobile radio cellular communications system 10 is shown in Fig. 1 and 
may be, for example, a CDMA or a wideband CDMA communications system. Radio 
network controllers (RNCs) 12 and 14 control various radio network functions including 
for example radio access bearer setup, diversity handover, etc. More generally, each RNC 
network controller 12 is coupled to a plurality of base stations 16, 18, and 20. Radio 
network controller 14 is coupled to base stations 22, 24, and 26: Each base station serves a 
geographical area referred to as a cell, and a cell may be divided into plural sectors. Base 
station 26 is shown as having five antenna sectors S1-S5. Each sector also has a 
corresponding cell area so that in this situation the base station serves five cells. The base 
stations are coupled to their corresponding radio network controller by a digital time 
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established via dedicated telephone lines, optical fiber links, microwave links, etc. Both 
radio network controllers 12 and 14 are connected with external networks such as the 
Public Switched Telephone Network (PSTN), the Internet, etc. through one or more core 
network nodes like a mobile switching center (not shown) and/or a packet radio service 
node (not shown). 

In Fig. 1, two mobile stations 28 and 30 are shown communicating with 
plural base stations in diversity handover situations. Mobile station 28 communicates with 
base stations 16, 18, and 20, and mobile station 30 communicates with base stations 20 
and 22. A control link between radio network controllers 12 and 14 permits diversity 
communications to /from mobile station 30 via base stations 20 and 22. Each radio 
communication channel established between the mobile station and a base station has an 
uplink component and a downlink component. Since multiple communications utilize the 
same radio frequencies in CDMA communication, spreading codes along with other well- 
known CDMA techniques are used to distinguish between the various mobile station and 
base station communications. In this example embodiment, the term "channel" refers to a 
CDMA channel which, for any mobile station, is defined in terms of an RF frequency and 
a particular code sequence. 

Some additional details of a base station and a radio network controller are 
now provided in conjunction with Fig. 2. Each radio network controller (RNC) includes a 
network interface 52 for interfacing communications with various base stations. Within 

the RNC, the network interface 52.is„conneaed_to .a.cpnu^ler 50_aiid to a div ersity 

handover unit (DHO) 54. Diversity handover unit 54 performs functions required for 
establishing, maintaining, and dropping diversity connections such as diversity combining, 
diversity splitting, power control and other link related radio resource control algorithms. 
The RNC may include other control/ functional units not necessary to the understanding 
of the invention. 

Each base station (BS) includes a corresponding network interface 60 for 
interfacing with the RNC In addition, the base station includes a controller 62 connected 
to a one or more transceivers. In this example, a plurality of transceivers (TRX) 64, 66, 68, 
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and 70 are shown coupled to a transmit power controller 72. Controller 62 controls the 
overall operation of the base station as well as the establishment, maintenance, and release 
of radio connections. Representative transceivers 64-70 are individually assigned to 
specific communications with mobile stations. At least one transceiver is employed as a 
common control channel over which the base station transmits common signaling such as 
pilot, synchronization, or other broadcast signaling. Mobile stations within or near chat 
base station's cell(s) monitor the common channel. Transmit power controller 72 
performs power control operations based on messages received from the RNC and from 
mobile stations. One or more signal-to-interference ratio (SIR) detectors 74 (only one is 
shown for purposes of illustration) may be used to detect the SIR of signals received from 
mobile stations. Other signal quality detectors may be employed, e.g., CIR (E c /Io), RSSI, 
etc. 

Fig. 3 illustrates additional details of the mobile station 28 shown in Fig. 2. 
The mobile station 28 includes a controller 80 connected to a RAKE receiver 82, a 
transmit power controller 88, a transmitter 90, and a SIR (or other signal quality) 
detector 100. The RAKE receiver 82 includes plural receivers 84 and 85 (there may be 
additional receivers as well) connected to a diversity combiner 86. One or more signal 
strength detectors (not shown) or similar detector(s) are employed in the mobile 
receiver 82 to detect the signal strength or other parameter of received signals. The 
transmissions from base stations are received as multipaths in the receivers 84 and 85, 
combined in diversity combiner 86, and processed as one signal. Transmit power 
controller 88 determines the transmit power level (e.g., as a signal-to- interference ratio 
(SIR)) of the received, diversity-combined signal. 

Fig. 3 also shows two power control loops: an inner power control loop 
between the mobile station and two base stations BS 1 and BS2 and an outer power control 
loop between the two base stations and the RNC Based upon signal quality, e.g., SIR, 
measurements of a received signal, the mobile station generates a transmit power control 
command and sends it to the base stations BS1 and BS2. Similarly, the base stations 1 
and 2 send transmit power control commands to the mobile station based on SIR 
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measurements made of signals received from that mobile station. The TPC commands 
may include one or more bits which indicate a desired increase in transmit power, a desired 
decrease in transmit power, or in some cases no change in transmit power. Of course, any 
number of bits or bit assignments is possible. In order to compensate for rapidly changing 
transmission conditions, these transmit power control commands are sent very frequently, 
and in one example embodiment, every 0.667 millisecond time slot or 1,500 times a 
second. In the outer control loop, the RNC monitors signal quality reports provided from 
the base stations, including SIR values detected by the mobile station for signals received 
from both base stations (BS1 and BS2), as well as the actual transmit power levels of the 
base station transmission to the mobile station. 

In one aspect of the present invention, referred to below as the "fast" 
downlink transmit power synchronization procedure, the radio control node controller 
determines respective transmit power levels of each base station involved inja diversity 
handover communication with a mobile station. The transmit power controller in each 
diversity handover base station regularly forwards to the radio network controller a current 
transmit power level associated with the diversity handover communication- Each base- ; : 
station also forwards a signal strength or quality measurement or indicator received from 
the mobile station associated with transmitted signals from that base station to the mobile 
station in the diversity handover communication. Areference. power leyelj^eterinined 
by the RNC controller based on one or more of the determined transmit power levels^ _ 
That reference power level is then used to 'regularly adjust the respective power levels o% 
the base stations for the diversity handover communication. More specifically, a difference 
is calculated between the reference power level and the current transmit power level, and 
that difference is used to calculate a correction value. The current transmit power level of 
the base station is adjusted using the correction value. 

The present invention will be better understood in the context of a simple 
diversity handover communication situation in which a mobile station is communicating 
with two base stations BS1 and BS2. Of course, the present invention may be applied in 
diversity handover situations including more than two base stations. Figure 4A shows a 
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"fast" downlink transmit power synchronization loop used to combat base station transmit 
power drift (between BS1 and BS2) in a diversity handover communication with the 
mobile station (MS) via associated radio links (Linkl and Link2). Figure 4B illustrates the 
operations and signaling at each node shown in Figure 4A. 

First, the base stations BS1 and BS2 detect and send to the RNC their 
current transmit power levels TxPl and TxP2, respectively. The RNC uses the base 
station transmit power levels to calculate a downlink power reference value (DL Pref) for 
the diversity handover communication. Second, the RNC sends that Pref to the diversity 
handover base stations, and each base station then calculates an appropriate transmit 
power adjustment by calculating the difference between its current transmit power and the 
reference power, e.g., [Pl-Pref]. That difference is used to adjust the transmit power 
towards the reference power. 

That power reference value may be calculated in a variety of ways. For 
example, the RNC may set Pref to the average or arithmetic mean of TxPl and TxP2 over 
a certain period of time. Another example would be to set the referencejojhe lowest of 
the base station transmit powers or the greatest of the base station powers. The power 
level adjustments typically should be made frequently enough to maintain the drift between 
the downlink transmit power levels of the diversity handover base stations to a low level, 
e.g., less than 1 dB. 

Preferably, the reference power is transmitted to the diversity handover base 
stations at a relatively high frequency, e.g., several, ten, or more times a second, to permit 
tracking of rapid radio channel changes and to compensate for independent bit errors 
affecting the transmit power control commands sent from the mobile station to the base 
station at high frequency, e.g., 1500 times/seconds. To rninimize excessive signaling 
associated with such frequent reference power transmissions, a reference power update is 
included in a single control frame embedded in the user data stream transmitted to each of 
the diversity handover base stations. Because the user data connection is already 
established between the diversity handover base stations and the RNC, there is no 
additional setup signalling needed. Nor are specific base station addresses or identifiers 
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required for this control frame because the same reference power is transmitted to all of 
the diversity handover base stations. 

Figure 4C shows a simplified, non-limiting example of a control frame with 
the downlink reference power embedded in a user data stream being considered for a third 
generation cellular system Specifically, Figure 4C shows a radio interface parameter 
update control frame including a header portion and a payload portion. The header 
includes CRC error detection bits, a frame type bit to indicate whether this frame is a user 
data frame or a control frame, and a control frame type field that includes a particular 
pattern of bits corresponding with a particular type of control frame. The payload includes 
radio interface parameter update flags that indicate the type of data structure^) in the 
payload. One of the items to be included in the payload in accordance with this example 
embodiment of the invention is the downlink, diversity handover reference power value 
calculated by the RNC. 

Thus, the "fast" base station transmit power synchronization procedure 
described above achieves the objective of a low signalling load procedure that reduces base 
station drift despite rapid channel changes and high frequency transmit power control 
commands from the mobile station susceptible to independent bit errors. However, this 
procedure, by itself, does not allow diversity handover base stations to transmit at different 
reference powers. Updating a single reference power for all the soft handover base 
stations does not permit flexibility to set different power references for different base 
stations. For example, it may be desirable to set the reference power of a dominant or 
favored base station to a higher value than the other base stations involved in the diversity 
handover. 

Accordingly, another aspect of the present invention is a "slow" (lower 
frequency) companion procedure that permits setting different transmit power levels for 
different base stations involved in the diversity handover. Specifically, this "slow" 
procedure provides flexibility in power setting using different power offsets from a general 
reference power level established by the "fast" base station power synchronization 
procedure. Again, such flexibility may be desirable in situations where one of the base 
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stations is a favored or dominant base station in the communication. The favored or 
dominant base station may transmit at a higher power level, while less favored/dominant 
base stations are set to transmit at lower power levels to reduce unnecessary interference, 
but still obtain the benefits associated with diversity handover. 

Figures 5 A and 5B illustrate the "slow" downlink transmit power control 
companion procedure. It should be understood that the terms "fast" and "slow" are 
merely employed as identifying labels rather than as absolute terms or even as descriptors 
of each procedure. In fact, either procedure may be employed with higher or lower 
frequency depending on system needs and capabilities. 

First, the mobile station measures the quality of signals received from each 
of the diversity handover base stations. Signal-to-interference ratio, carrier-to-interference 
ratio (Ec/Io), bit error rate, and received signal strength are examples of signal qualities that 
may be measured. The mobile station transmits the signal quality measurements, including 
the received power levels from each of the diversity handover base stations (RxPl and 
RxP2), to the radio network controller via the diversity handover base stations. Second, 
the diversity handover base stations each provide the radio network controller with its 
current transmit power level to the mobile station (TxPl and TxP2). Third, the RNC 
determines a power offset from the reference power Pref for one or more of the diversity 
handover base stations, e.g., Al and/or A2. 

The RNC may determine the offset (s) based for example on which of the 
diversity handover base stations is the dominant or favored base station in the diversity 
communication. For example, if base station BS 1 is determined to have the lower path 
loss (TxPl-RxPl), it might be deemed the dominant base station and be allocated a 
positive offset from Pref. That way the dominant base station provides a high quality 
radio link to support the mobile communication. The non-dominant base station BS2 in 
this example, having the higher path loss, might be allocated a negative offset from Pref to 
rninirnize its interference with other communications while still preserving diversity 
handover benefits. Of course, the identity of the dominant base station may change 
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rapidly depending on the current transmission conditions. Other parameters may be used 
besides radio link power to assist in a calculation of power offset, e.g., decoded transmit 
power control commands from the mobile forwarded to the RNC. 

Ultimately, when the diversity handover base stations receive their 
respective offsets (if any), each base station adds its individual offset to the broadcast 
power reference value Preif to arrive at a current target downlink power. The base station 
then adjusts its current power level to the target. Alternative ways to set the target power 
are of course possible. For example, the target power may be set by combining the 
individual offset A, the general target Pref, and a common control channel power, e.g., the 
common pilot channel for that base station. The use of pilot power may be useful if there 
are different size cells which suggest different pilot powers. Many power settings in the 
downlink may be set relative to pilot channel power. 

In order to be able to selectively transmit different offsets to different base 
stations, the power offsets may be transrnitted over a common control channel signalling 
link established between the RNC and base stations. Unlike an inserted control frame in 
the user data stream which is sent to all of the diversity handover base stations, common 
control channel signalling permits individual ones of the diversity handover base stations 
to be addressed. That way, different offsets may be addressed and delivered to different 
base stations. The cost of this seleaivity is increased signalling overhead. However, that 
overhead is reduced by sending the offsets at a relatively low frequency, e.g., on the order 
of once per second, compared to the frequency at which the general reference power 
(Pref) is sent. 

Figure 5C shows a non-limiting simplified example of a downlink power 
control request message in the control signalling plane between the RNC and each of the 
diversity handover base stations. The message includes a message header and a payload. 
The payload includes, among other things, a radio link or base station identifier and an 
associated power offset value. Such an identifier and offset are included for each of the 
diversity handover base stations to be offset from the reference power Pref, i.e., RL 
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1D1/RL Power offset 1... .RL ID2/RL Power Offset 2. The radio link identifier allows 
individual routing of the associated radio link power offset to the corresponding base 
station. 

Figure 6 is a flow chart diagram (block 200) of one example showing parallel 
operation of the companion "fast" and "slow" diversity base station power control 
procedures. In the slower loop, the mobile station measures received power (or other 
signal quality parameter^)) of the radio links involved in the diversity handover and sends 
those power measurements to the RNC via the diversity handover base stations (block 
202). The RNC calculates a power offset for one or more of the diversity radio links 
(block 204). As described above, that power offset calculation may be function of the 
current radio link path loss or some other characteristic or parameter. The RNC then 
sends the determined offset (s) to the associated diversity handover base station (s) (block 
206). 

Turning to the "fast" loop, the RNC also receives the current transmit 
powers over the diversity radio links from each of the diversity handover base stations and 
calculates the reference power Pref to be used for all the diversity handover radio links 
(block 210). The general reference power (preferably determined at a higher frequency) 
for the diversity communication is combined with the individual offset (if any) for a 
specific one of the diversity handover base stations (preferably determined at a lower 
frequency) to set the target downlink power for that base station (block 208). 

While the present invention has been described with respect to a particular 
example embodiments, those skilled in the art will recognize that the present invention is 
not limited to those specific embodiments described and illustrated herein. Different 
formats, embodiments, adaptations besides those shown and described, as well as many 
modifications, variations and equivalent arrangements may also be used to implement the 
invention. Therefore, while the present invention is described in relation to preferred 
example embodiments, it is to be understood that this disclosure is only illustrative and 
exemplary of the present invention. Accordingly, it is intended that the invention be 
limited only by the scope of the claims appended hereto. 



WO 01/65724 



PCT/SE01/00376 



16 

WHAT IS CLAIMED IS : 

1. In a radio communications system (10), a power control method for 
controlling a transmit power from a first base station (16-22) and from a second base 
station (16-22) to a mobile station (28, 30) in a diversity handover of a 
communication involving the mobile station, a method including determining a 
reference power level based on detected transmit power levels of the first and second 
base stations, further characterized by: 

determining a power offset for at least one of the first and second base 
stations; 

using the reference power level and the power offset to regulate an adjustment 
to the respective transmit power levels of the first and second base stations for the 
diversity handover communication. 

2. The method in claim 1, wherein the power offset is determined based 
on measurements received from the mobile station. 

3. The method in claim 2, wherein the measurements include the power 
at which each signal from the first and second base stations was received. 

4. The method in claim 1, wherein the reference power is transmitted to 
the first and second base stations in a mobile station user data stream. 

5. The method in claim 4, wherein the reference power is transmitted as a 
control frame in the mobile station user data stream at a first frequency. 

6. The method in claim 4, wherein the power offset is transmitted only to 
the one base station in a control signaling message. 

7. The method in claim 6, wherein the power offset is transmitted to the 
one base station at a second frequency lower than the first frequency. 
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8. The method in claim 7, wherein the first frequency is on the order of 
several to tens of transmissions per second and the second frequency is on the order 
of one or two transmissions per second 

9. The method in claim 1, further comprising: 

determining a first power offset for the first base. station and a second power 
offset for the second base station. 

10. The method in claim 9, wherein the first offset is transmitted only to 
the first base station and the second offset is transmitted only to the second base 
station. 

11. The method in claim 9, wherein the first and second offsets are 
transmitted at a second frequency lower than the first frequency. 

12. The method in claim 9, further comprising: 

controlling the transmit power of the first base station using the first power 
offset and the reference power, and 

controlling the transmit power of the second base station using the second 
power offset and the reference power. 

13. The method in claim 12, wherein the first power offset and the 
reference power are used by the first base station to control the first base station 
transmit power, and the second power offset and the reference power are used by the 
second base station to control the second base station transmit power. 

14. The method in claim 1, further comprising: 

sending a first type of transmit power control message at a first frequency to 
the first and second base stations in a mobile station user data stream; 



WO 01/65724 



PCT/SE01/00376 



18 

sending a second type of transmit power control message at a second 
frequency lower than the first frequency directed to one of the first and second base 
stations in a control frame identifying the one base station; and 

using the first and second messages to regulate an adjustment to the respective 
transmit power levels of the first and second base stations for the diversity handover 
communication to reduce a base station transmit power drift between first second 
base station transmissions to a mobile station in a diversity handover communication. 

15. The method in claim 14, wherein the first type of transmit power 
control message includes the reference power level. 

16. The method in claim 14, wherein the second type of transmit power 
control message is the power offset value. 

17. The method in claim 14, further comprising: 

sending a second type of transmit power control message to the other of the 
first and second base stations in a control frame identifying the other base station. 

18. In a radio communications system (10) where a first base station and a 
second base station (16-22) transmit to a mobile station (28, 30) in a diversity 
handover communication involving the mobile station, a radio network control node 
(RNC or BS) including a radio network interface (52 or 60) configured to receive 
detected transmit power levels of the first and second base stations, further 
characterized by: 

a controller (50 or 62) configured to determine a reference power level based 
on detected transmit power levels of the first and second base stations, determine a 
power offset for at least one of the first and second base stations, and regulate an 
adjustment to the respective transmit power levels of the first and second base 
stations for the diversity handover communication using the reference power level 
and the power offset. 
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19. The radio network control node in claim 18, wherein the power offset 
is determined based on measurements received from the mobile station. 

20. The radio network control node in claim 19, wherein the 
measurements include the power at which each signal from the first and second base 
stations was received. 

2 1. The radio network control node in claim 18, wherein the reference 
power is transmitted to the first and second base stations in a mobile station data 
frame. 

22. The radio network control node in claim 18, wherein the reference 
power is transmitted as a control frame in a mobile station user data stream at a first 
frequency 

23. The radio network control node in claim 22, wherein the power offset 
is transmitted only to the one base station in a control signaling message. 

24. The radio network control node in claim 23, wherein the power offset 
is transmitted to the one base station at a second frequency lower than the first 
frequency. 

25. The radio network control node in claim 18, wherein the controller is 
further configured to determine a first power offset for the first base station and a 
second power offset for the second base station. 

26. The radio network control node in claim 25, wherein the first power 
offset is transmitted only to the first base station and the second power offset is 
transmitted only to the second base station. 
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